Summary The present investigation was carried out to study the cytological effects of the herbicide atrazine on Allium cepa and Vicia faba with respect to the cell cycle response , mitotic index, chromosome aberrations and nucleic acids content. The root of young seedlings of V. faba and adventitious roots of A. cepa were treated with the following concentrations: 25% , 50%, 75% and 100% of the recommended dose (3.75 g/l) for 4, 8, 12, 24 h. The results indicated that atrazine herbicide reduced the mitotic division in both plants compared to the respective control. Mitotic index values were progressively decreased with increased the concentration and treatment time . In V. faba, the treatment with the concentration of 100% for each treatment time (4, 8, 12, 24 h) was toxic , but in A. cepa, the same concentration with 24 h was only toxic . The percentage of the reduction in MI values in V. faba was higher than that in A. cepa. Also, it has been clearly observed that the inhibition of mitotic division was associated with reduction in DNA and RNA contents in both treated plants root tips. This may point out that the inhibition of mitotic activity is due to a deficiency of DNA in the nucleus. The increased percentage of prophase in both plants was accompanied by decreased percentages of the other mitotic phase. The total percentage of aberrations increased with the increasing the concentration of atrazine herbicide and the period of treatment . The total percentage of aberrations in A. cepa was higher than that in V faba for each treatment. Different abnormal mitotic figures were observed in all mitotic phases. Such types of abnormalities were stickiness , lagging, C-mitosis, bridges, irregular prophase, unequal distribution, fragments and a few cells with micronucleus at interphase stage.
In last decades, the application of different pesticides in agriculture was widely used and most of them find their way into man and animals. So, attention has grown recently to the strictly regulated application of pesticides excluding contamination of the environment and harm to beneficial organisms (Gruzdyev et al. 1988) , where the successive treatment by these pesticides will increase their concentrations in the soil up to harmful level because some of these herbicides may persist in the soil for a month or years (Jones and Gones 1974) . The danger of pesticides is not necessarily a result of direct application where some pesticides accumulate in the food to a toxic level and consequently affect the public health (Unterstenhofer 1963) . In this respect, Dryanovska (1987) showed that the frequency of cancer increases among peoples who have been exposed directly or indirectly to pesticides.
Of these pesticides, the herbicides which use in controlling the weeds . One of the herbicide groups is triazine herbicide group which includes different types of herbicides such as simazine, simiton, cyanazine, gespax, gezagard, goltix, aventox Sc., terbutryn (Igran) , sencorer, semeron, topogard and atrazine. Extensive work has been done to study the effects of these herbicides on the mitotic activity, chromosomes and nucleic acids content in root tip cells of different plants (Wuu and Grant 1966 , Liang et al. 1967 , Stroev 1970 , Hakeem and Shehab 1972 , Liang and Liang 1972 , Dryanovska and Petkov 1980 , Badr 1983 , 1986 , Badr et al. 1985 , Mousa 1982a , Tomaskova and Mydlilova 1986 , Airapetyan et al. 1984 , Papes et al. 1989 , Haliem 1990 , Ashour and Abdou 1990 . The previous authors mentioned that the almost all herbicides inhibited the cell division and produced chromosomal aberrations and in some cases the inhibition was associated with the reduction of the nucleic acids. It is therefore considered of interest to investigate the effect of atrazine herbicide on cell division, chromosomes behaviour and DNA and RNA contents in the root tip cells of Allium cepa and Vicia faba because no data were available on its effects on the both plants as a test system.
Materials and methods
The herbicide used in this study is atrazine which belongs to triazine herbicide group and its chemical composition is 2-chloro-4-ethylamino-6-isopropylaminotriazine. It is a selective herbicide used as seasons-long weed control in certain crops. The structural formula as the following:
Bulbs of pure strain of Allium cepa cv. Giza 6 were allowed to grow in tap water. Seeds of Vicia faba cv. Giza 3 were soaked in water for 24 h and then transferred to petri-dishes containing moistened filter papers. After the roots of both plants reached 1-3 cm in length were treated with different concentrations of aqueous solution of atrazine herbicide ranging from 25% to 100% of the recommended dose (3.75 g/l) for 4, 8, 12, 24 h. Control roots were simultaneously treated with tap water. After each interval the roots were cut and fixed immediately in glacial acetic acid-absolute ethyl alcohol (1 : 3, v/v) for 24 h. Examination of roots was done in permanent root tip squash preparations stained by the Feulgen technique. For each treatment, 3 preparations were made to calculate the percentage of the different mitotic stages. The percentage of mitotic activity (MI) was estimated by counting the total number of dividing cells to the total cells examined. Abnormalities were counted in the different mitotic stages.
Nucleic acids were extracted from the root tips according to Shibko et al. (1967) method and according to the Schneider (1957) analysed by using t-test.
Results and discussion
Effect on mitotic division and mitotic index The effect of the herbicide atrazine on the mitotic activity (MI) and the rate of the different mitotic stages in the root tips of Allium cepa and Vicia faba are tabulated in Table 1 . It was observed that the treatment with 100% for all treatment times and the treatment with 75% for 24 h were toxic in V faba but the treatment with 100% for 24 h was only toxic in A. cepa. In both plants, the mitotic activity (MI) was reduced. However, the reduction in the mitotic activity was highly significant in-creased when exposure time increased from 4 to 24 h and when the concentration of the herbicide increased from 25 to 100% of the recommended dose for each treatment time, furthermore, the inhibition of the mitotic activity increased when exposure time increased from 4 to 24 h. From the results in Table 1 , it was noted that the rate of each one of the mitotic stages was affected by the treatment in both plants. In V. faba, the percentage of prophase stage was increased with all treatments above the control value. A similar effect for this herbicide was observed in A. cepa root tips with a few exceptions where the percentage of metaphase was also increased above the control value. On the other hand, the percentage of the interphase stage increased for each of the four applied concentrations more than the level of that in the untreated control in both plants. The V. faba root tip cells were more sensitive to the atrazine herbicide at the high doses of treatments than those of the Alliurn cepa for all treatment times. The percentage of the reduction in the mitotic activity in V. faba was higher than that in A. cepa.
Effect on DNA and RNA contents
The results of the effect of the different treatments of atrazine on DNA and RNA amounts in root tips of A. cepa and V faba are shown in Table 2 . The amounts of DNA and RNA were reduced in both plants under investigation as a result of root treatments with the atrazine herbicide. The degree of the reduction was greater when the concentration was increased and the period of treatment was prolonged. This reduction was highly significant. Also, it was recorded that the atrazine herbicide reduced the DNA and RNA amounts in both plants to similar degrees with almost all applied concentrations.
From the above results, the data showed that the toxicity appeared in both plants after treatment with the highest dose of 24 h in root tips of A. cepa and V. faba. So, the results may indicate that the most tolerable time of treatment with 75% of atrazine is 24 h and less than 24 h with 100% Table 2 . Effect of different concentrations of atrazine herbicide on DNA and RNA contents in Allium cepa and Vicia faba root tips after treatments for different durations in A. cepa but in V. faba is 12 h for 75% or less for 100%. These results were found to match those found in V. faba root tips after treatment with the pesticide malathion (Adam et al. 1990 ) and with tribunil (Mansour 1984) . The treatment conducted with atrazine showed an effect on the percentage of the different mitotic stages where the percentage of prophase increased with a corresponding decrease in the percentages of the other stages. This may attributed to the blocking of cell division by the herbicide at the end of the prophase stage, and which may be considered as premetaphase inhibitors. A similar action has been observed following the treatment of A. cepa and V. faba with aventox Sc. (Badr 1983) , stomp and cubex (Mousa 1982a, b) . In addition to the changes of the mitotic phases frequencies, the reduction of the MI in both plants root tips, may indicate that these could be a mitodepressive action of the herbicide on cell division which may attributed to the inhibition of DNA synthesis and consequently RNA synthesis which recorded in this investigation. This inhibition could be due either to blocking of G1 suppressing DNA synthesis (Schneiderman et al . 1971) or a blocking in G2 preventing the cell from entering mitosis (Van't Hot 1968). Thus, it is possible that the reduction in the mitotic activity may be due to inhibition of DNA synthesis, since no arrest of mitotic division was generally observed in our study. Similar relation was reported by Swietlinska et al. (1974) , Badr (1983 Badr ( , 1986 ), Badr and Ibrahim (1987) , Sobhi and Haliem (1990) , Davids (1973) , Beu et al. (1976) and El-Ghamery and Abou El-Yousser (1992).
Effect on chromosomes
The results in Table 3 indicated that the atrazine herbicide induced a wide range of mitotic abnormalities in root tips of A. cepa and V. faba. Their percentages increased as the concentrations of the applied herbicide and the durations of treatment increased. The percentage of total abnormalities was high with the higher non toxic concentrations and reached to a maximum value of 86.67 and 73.78% in A. cepa and V faba, respectively. These results are in agreement with those obtained after treating the A. cepa root tips with different herbicides of group triazine such as sencorer (Mousa 1982a , Haliem 1990 ), cyanazine (Papes et al. 1989) , semeron (Airapetyan et al. 1984) , gezagard (Mousa 1982a) , aventox Sc. (Badr 1983 ) and after the treating of root tips of V faba with gespax (Badr et al. 1985) , terbutryan (Tomaskova and Mydlilova 1986 , Badr 1986 , Ashour and Abdou 1990 , aventox Sc. (Badr 1983 ) and treating Sorghum with atrazine (Liang et al. 1969) . For each treatment the percentage of total aberrations in A. cepa was higher than that in V. faba. The both plants showed a different response towards to the atrazine treatment in producing the abnormal cells in different mitotic phases. In Vicia faba, the percentage of the aberrant cells in prophase stage was more than that in the other stages with all treatment times. On contrast, in A. cepa, the percentage of the aberrant cells at prophase stage was lower than that in the other stages with all concentrations for 4 h, and with the other treatment times, the percentage of the aberrant cells at prophase was more than that in the other stages. Also, the total percentage of abnormalities in different mitotic stages of Vicia faba increased with the increasing concentration and treatment time. In Allium cepa, this trend was only observed in prophase stage.
The types and frequencies of mitotic chromosomal aberrations induced by atrazine herbicide in both plants are given in Tables 4 and 5 . Photographs of some abnormalities in A. cepa and V. faba are shown in Fig. 1 (1-11) and Fig. 2 (1-11) , respectively. In both plants 6 types of abnormalities were recorded in different mitotic stages in all treated root tips and these types were chromosomal stickiness, irregular prophase, lagging chromosome(s), C-mitosis, bridges and fragments. Similarly these type were recorded by many investigators following treatment of V. faba and/or A. cepa with different S-triazine herbicides (Mousa 1982a , Badr 1983 , 1986 , Badr et al. 1985 , Papes et al. 1989 , Haliem 1990 , Ashour and Abdou 1990 . In addition to these types, a few cells with micronucleus were observed at interphase stage in 3 and 2 different treatments in A. cepa and V. faba, respectively. In contrast, Papes et al. (1989) found that the occurrence of micronucleus in very intensive percentage in all treatments of A. cepa with cyanazine herbicide for 24 h. In this respect, Degrassi and Table 4 .
Types and percentages of mitotic abnormalities induced by the different concentrations of atrazine herbicide in Allium cepa root tips after different treatment times Table 5 . Types and percentages of mitotic abnormalities induced by the different concentrations of atrazine herbicide in Vicia faba root tips after different treatment times Rizzoni (1982) attributed the occurrence of micronucleus to the chromosome fragment or a whole chromosomes, since in this study, fragmentation and lagging were detected. Moreover, a few cells with unequal distribution and unoriented chromosomes were only observed in A. cepa root tips. The occurrence of these 2 types in addition to lagging chromosome(s) and C-metaphase may be due to the disturbance in the spindle formation which affected by the herbicide (Badr 1983 , 1986 , Haliem 1990 , Ashour and Abdou 1990 . In this investigation, chromosome stickiness was the major chromosomal aberrations and recorded in a considerable percentage and which was more than that the percentage of irregular prophase. The both types may be produced by the action of the herbicide on the polymerization and spiralization processes, respectively. The sticky chromosomes may be resulted in fragmentation of chromosomes and bridges formation at ana-telophase stage. It is well known that fragments and bridges lead to structural changes in chromosomes. So, the induction of the different types of aberrations indicated this herbicide acts as pre-metaphase inhibitor, it does not act directly on the mitotic apparatus but does affect processes on which mitosis depends. 2) Irregular prophase (50% for 8 h). 3) Stiky metaphase (100% for 4 h). 4) C-metaphase (50% for 24 h). 5) Single bridge at anaphase (75% for 8 h). 6) Multi-bridges at anaphase (100% for 8 h). 7) Chromatin bridge at anaphase (100% for 12 h). 8) Sticky anaphase (100% for 8 h). 9) Lagging chromosome at anaphase (25% for 4 h). 10) Lagging chromosome at anaphase (25% for 24 h). 11) Micronucleus at interphase (50% for 12 h). Fig. 2 . Different types of aberrations induced by the atrazine herbicide in Vicia faba root tips . 1) Sticky prophase (50% for 12 h). 2) C-metaphase (50% for 8 h). 3) Single bridge at anaphase (75% for 4 h). 4) Multibridges at anaphase (25% for 8 h). 5) Lagging chromosome at anaphase (50% for 12 h) . 6) Lagging chromosome at anaphase (75% for 4 h). 7) Fragments at anaphase (25% for 12 h) . 8) Fragment at anaphase (50% for 8 h). 9) Fragment at metaphase (25% for 4 h). 10) Sticky anaphase (75% for 4 h). 11) Micronucleus at interphase (25% for 12 h).
The above types of aberrations may be grouped into 3 classes: (1) mitotic abnormalities resulting from a disruptive effect by the herbicide on the spindle apparatus (Brogger 1977 , Grant 1978 such as C-metaphase, lagging chromosome, unequal distribution and non oriented chromosome, (2) chromosomal stickiness and irregular prophase which are regarded as a physiological effect on the chromosomes (Savage 1975) and (3) chromosomal aberrations such as bridges, fragment and micronucleus and which resulting from a clastognic action on chromosomal DNA (Grant 1978) . From the results in Tables 4 and 5 , it was obvious that the physiological type abnormalities constituted the majority of the total aberrations whereas the chromosomal aberrations represented by a small percentage and the total aberrations, on contrast. Grover and Malhi (1988) and Nagpal and Grover (1994) classified the abnormalities induced by pesticides into 2 groups, physiological type aberration group such C-mitosis, despiralization, depolymerization, lagging chromosomes, multipolar cells and clastogenic effects group (chromosome breaks or fragments, bridges and micronuclei). In this respect, the chromosomal aberrations (clastogenic type) are considered as reliable indicators of mutational change and are used as reliable evidence for screening the mutational activity (Kihlman 1975) . As is evident from the results in Tables 4 and 5 , these chromosome aberrations were observed in a low percentage which indicates the low mutagenic effects of atrazine in A. cepa and V.
faba and the root mersitem of A. cepa was the more sensitive.
Finally, it was noted that from this study, the mitodepressive action, the chromosomal aberrations and the reduction in the nucleic acids content are three cytological phenomena of strong interrelation on the level of chromosomal DNA replication and these study indicates that in order to maintain normal cell division in plants, attention should be paid to avoid herbicide doses that induce cytological abnormalities in crops plants.
